Abstract-This paper introduces a novel technique for efficiently combining
INTRODUCTION
Due to their many attractive features, microstrip antennas have drawn the attention of researchers over the past decades. Microstrip antennas are used in an increasing number of applications, ranging from biomedical diagnosis to wireless communication. Research on microstrip antenna in the 21st aims at size reduction, high gain, resonant frequency, wide bandwidth, multiple functionality, and system-level integration [1] . Several methods are available in the literature for computing the resonant frequency of patch antennas. These methods can generally be divided into two groups: simple analytical methods and rigorous numerical methods. For rigorous methods like the moment method (MOM) the exact mathematical formulations involve extensive numerical procedures. This technique need an important time for calculation. A new methods the evolutionary algorithms, in particular the genetic algorithms (GA), have been widely used in electromagnetic applications in the last years [2] . More recently, a new stochastic optimization technique has rapidly gained popularity in the Electromagnetic Community: the Particle Swarm Optimization (PSO). PSO can be understood as a modeling via an analogy similar to the social activities of a bird flock, or a bee swarm. The PSO is a powerful technique that greatly simplifies the optimization process compared to ANN and GA [3] .In this paper, the combination of Particle Swarm Optimization (PSO) and moment method (MOM) is presented for the calculation of the resonant frequency and bandwidth. This combination is intended to reduce the computation time, and at the same time keep the quality of the results obtained by the moment method. The same algorithm can be also used for the optimization of geometrical parameters of microstrip antennas.
II. ANALYSIS METHOD
The problem to be solved is illustrated in figure 1 . We have a rectangular patch antenna with dimensions (a × b), is printed on a dielectric substrate isotropic of thickness d, is characterized by the free space permeability μ0 and a permittivity ε. The ambient medium is air with constitutive parameters μ0 and ε0. Assuming an e iωt time variations and starting from Maxwell's equations in the Fourier transform domain, we can show that the transverse fields inside the j layer (Zj-1 < Z < Zj) can be written in terms of the longitudinal components z E and z H as [4] [5] . 
Were e and h are, respectively, the transverse electric and magnetic fields in the (TM, TE) representation, and
Substituting the expressions of z E and z H [4] [5] [6] into (1) and (2) In (4) and (5), A and B are two-component unknown vectors and
Writing (4) and (5) by eliminating the unknowns A and B, we obtain the matrix form . .sin( . ) cos( . )
Which combines e and h on both sides of the j th layer as input and output quantities. The matrix T j is the matrix representation of the j th layer in the (TM, TE) representation. The boundary conditions for the considered structure presented by ( fig.1 ) in the spectral domain 10 ( , ) 0 In that case, the quantity fr stands for the resonant frequency, the quantity BW = 2fi/fr stands for the bandwidth. In our case eq. 15 represent the fitness function that will be optimized by using PSO algorithm.
III. PARTICLE SWARM OPTIMIZATION
The Particle Swarm Optimization is an evolutionary optimization technique, which is a local to global search method based on particle search. It follows the optimization process by means of local best (pbest), global best (gbest), particle displacement and particle velocity. In this paper, all these features have been applied on the determination of the resonant frequency (fr) and bandwidth (BW), function of geometric parameters and dielectric constants of rectangular microstrip antenna. The global function approximation capability and generalization capability of Particle Swarm Optimization in the modeling of microstrip antenna have also been studied. This method is used for particles from landing on any solution instead of just the best solution. This is where the social aspect of mind and intelligence comes into play. The particles are considered to move through co-ordinates of N-dimensional space. When particle moves, it sends its co-ordinates to a function and measures its "fitness" value, close to a best solution for the problem. The evolutions of particles, guided only by the best solution, tend to be regulated by behavior of the neighbors. In the simplest form, the position Sand velocity 'v' of each particle are represented by the following equations considering pbest rather than gbest as the best position of the particle referred to the neighbors. The particle velocity is expressed as [7] . 
IV. RESULTS
The resonant frequencies calculated by using PSO/MOM algorithm presented in this paper for electrically thin and thick substrates are depicted in Fig. 3 . It is evident from Fig 3 that the resonant frequency indeed decreases as the antennas become electrically thicker as has been shown in previously published results in literature [9] rectangular MSAs are listed and compared with measured results in Table I . The results of this method are in very good agreement with measurements. It can be very useful for the development of fast CAD algorithms. 
V. CONCLUSIONS
In this paper, an efficient method for the integration of Particle Swarm Optimization (PSO) with the method of moments (MOM) for microstrip antenna modeling has been presented. PSO/MOM was applied successfully for determination of resonant frequency and bandwidth of a rectangular patch antenna. The calculated results have been compared with measured one available in the literature and excellent agreement has been found. Better accuracy with respect to the previous conventional methods and natural selection method (like PSO) is obtained. Since the method presented in this paper have good accuracy, require no tremendous computational effort, they can be very useful for the development of fast CAD algorithms.
